INTRODUCTION
The radiation patterns for pure multipoles-electric dipole or quadrupole, magnetic dipole, etc.-are well understood. However among organic chromophores there are few well-characterized magnetic dipole transitions and no well-characterized mixed electric and magnetic dipole transitions. There are more magnetic dipole transitions known in the spectra of rare earths and transition metal ion complexes, and the classic optical absorption anisotropy technique 1 of distinguishing electric and magnetic dipole transitions has been applied to uniaxial systems containing such ions. 2 Wide angle interference methods 3 have also been used to expose the character of the emitted radiation from rare-earth ions. For optically active complex ions and molecules there are indirect methods to identify magnetic dipole transitions that in effect depend on knowing the ratio of the squared rotational strength to the extinction coefficient. 4 • 5 The same interaction that gives rise to the magnetic dipole transition to mr* states of ketones 6 is also expected to occur in n---t'lr* transitions in N-heterocyclics; namely one-center matrix elements, {p,, I l, I p 11 ). 
MIXED ELECTRIC AND MAGNETIC DIPOLE RADIATION
In the semiclassical theory the transition moment between two states 0 and f is proportional to:
where k is the propagation vector, and r represents the is over all electrons. The first term gives electric dipole and the second gives magnetic dipole and electric quadrupole transitions. Higher terms in the expansion of exp(ik·r) are omitted, and in what follows the electric quadrupole transitions are also neglected. The absorption intensity is proportional to the transition moment squared, and from (1) it follows that:
where m 1 (E, H) is the transition moment for radiation defined by the unit vectors E and fi of the electric 
The simple physical result is that when the electric (magnetic) vector of the light is parallel to z only magnetic (electric) dipole absorption is seen. In addi- E, and H orientations. Refer to Fig. 1 
for definition of I (E, H).

I(E, H)
tion, the condition: 
I(z, x)+I(x, z) =l(x, y)
can be experimentally checked, and represents an important property of the radiation pattern.
EXPERIMENTAL RESULTS
Single crystals of s-triazine of high purity and good optical quality were melt grown and cut into sections roughly 1 mm thick. The uniaxial structure is known to be transformed into a monoclinic form 8 on cooling below "-'213°K but the present study and other spectroscopic results
•
10 indicate that the influence of the uniaxial-to-monoclinic distortion is not significant. The crystals were oriente~ at 4.2°K as shown in Fig. 1 .
The _propagation vector k and the direction of the E and H fields of the radiation are shown in the diagram. Optical densities were measured using a Jarrell-Ash Czerny-Turner-Fastie spectrometer at a resolving power of 1: SO 000. The absorption band studied is about 3 cm-1 wide at 4.2°K (i.e., at least six times the resolvable increment). The data shown in Table I refer to the lowest energy singlet band that we assume to be the 0, 0-band of a singlet system (probably the lowest excited singlet state) of s-triazine. Figure 2 shows some of the bands from the first singlet system, and the origin at 30 014 cm-1 is identified. These data ( Table I ) clearly show that the transition is not of purely electric dipole type, and since the condition of Eq. (5) is met within experimental error, we conclude that the transition is of mixed type.
The magnetic dipole transition represents 26% of the total intensity. We note that the data in Table I are given as optical density per mm for a 3 cm-1 wide absorption line: accordingly the absorption coefficient is extremely small. For the 30 014 cm-1 line we find f = 5X 10-9 , and in practical terms the transition has about the same strength as the singlet-triplet absorption of pyrazine.
DISCUSSION
This study proves that the lowest singlet state of s-triazine is E-type, and in view of its magnetic dipole activity it is E" type in Dah symmetry. After the present results were obtained we verified the E" nature of the lowest singlet by observations of magnetic field and electric field splittings 9 of the 30 014 cm-1 transition. Our results also show that the low symmetry site field of the monoclinic phase is not sufficient to split significantly the E state.
In view of the stronger vibrationally induced absorption built on the magnetic dipole origin we have no way of measuring the total magnetic dipole transition moment for the 1 E"~1 A1' transition. If the 0, 0-band contains at least lo-4 of the total intensity of 1 E"~ 1 A 1 ' (Fig. 2 shows that the low-frequency vibronic origins are not more than two orders of magnitude stronger than the zero band) the spontaneous lifetime of 1 E"~1A 1 ' fluorescence would be greater than 3X 10-5 sec: The lifetime associated with the magnetic dipole emission would be at least 1()2 longer than this.
In previous work 10 In other words the energy spread of the E", A1", and A 2 " mr* states is extremely narrow. These results are, apart from specific detail, in general accord with theoretical predictions. 12 The expected natural radiative lifetime for the fluorescence 1 E' 1~1 A1' is so long that we would anticipate relatively effective radiationless transitions from 1 E" into lower triplet states and into the ground state, when s-triazme is in the condensed phase. The pathways for deactivation of 1 E" may be quite different in a collision free system, and internal conversion to the ground state may then become relatively more effective. These remarks assume that the energy levels have comparable relative spacings in the gas and the crystal.
